Abstract The purpose of this study was to find the unusual findings in the childhood appendectomy specimens and their incidence. The clinicopathological data of 1,306 patients whose ages ranged from 3 to 16 were retrospectively collected. Histopathological findings in appendectomy specimens taken from patients who had a prediagnosis of appendicitis were obtained. Incidental appendectomies were not included in the research. Unusual findings were reevaluated in the histopathological assessment of appendectomy specimens. The number of patients whose pathological findings are considered unusual is 25 (1.91 %). Nine of the patients were girls and 16 of them were boys. Their ages ranged from 6 to 15. Pathological results revealed that there were 16 (1.22 %) cases of parasitosis, 3 (0.23 %) cases of granulomatosis, 3 (0.23 %) cases of eosinophilic appendicitis, 2 (0.15 %) cases of carcinoid tumors, and 1 (0.08 %) case of appendiceal nonHodgkin's lymphoma. All patients underwent a standard appendectomy. Uncommon histopathological findings in childhood appendectomy specimens are more common than those in adulthood. This kind of certain unexpected lesions of the appendix may require advanced diagnostics, careful clinical care, follow-up for years, and a multidisciplinary approach.
Introduction
Appendicitis is among the most commonly observed acute surgical conditions. The risk of developing acute appendicitis in a person's lifetime is around 7 % [1] . It is commonly observed in late adolescence and early 20s when lymphoid development is really fast. Fecaliths and lymphoid hyperplasia are the most wellknown reasons of lumen obstruction which is the reason for the disease. However, this condition may develop due to unusual reasons as well [2] . Obstruction may be due to Enterobius vermicularis, granulomatous diseases, eosinophilic appendicitis, carcinoid tumor, or appendiceal non-Hodgkin's lymphoma [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The aim of the present study was to evaluate the unusual findings in the childhood appendectomy specimens and their incidence.
Material and Methods
Between October 2007 and October 2012, 1,306 patients with presumed acute appendicitis whose ages ranged from 3 to 16 underwent surgical treatment at the Department of Pediatric Surgery of Gaziantep Children's Hospital in Turkey.
Data were retrospectively collected from patients who were reported to have unusual pathological appendix findings. The original pathology specimens with unusual findings were evaluated again by an experienced pathologist. Incidental appendectomies were not included in the study.
Results
A total of 1,306 appendectomies were performed on patients who had a prediagnosis of acute appendicitis at Gaziantep Children's Hospital. All patients underwent standard appendectomy. Histopathological findings revealed 1,110 cases of inflamed appendix (84.22 %), 71 cases of perforated appendicitis (5.44 %), 52 cases of lymphoid hyperplasia (3.98 %), 28 cases of normal appendix vermicularis (2.14 %), 11 cases of obliterated appendix vermicularis (0.84 %), and 9 cases of periappendicitis (0.69 %). Of all the appendectomies performed, 25 (1.91 %) specimens showed incidental abnormal histopathological diagnoses (Table 1) . Of the 25 patients, 16 were boys and 9 were girls with ages ranging from 6 to 15 years. Pathological assessment revealed 16 cases of enterobius vermicularis, 3 cases of granulomatosis, 3 cases of eosinophilic appendicitis, 2 cases of carcinoid tumor, and 1 case of nonHodgkin's lymphoma (Figs. 1, 2, 3 , 4, 5, 6, 7, and 8; Table 2 ).
The number of histopathological examinations of patients with E. vermicularis with acute inflammation was 7 and that with no evidence of any pathological change was 9. After obtaining the pathology reports, the patients with enterobiasis were given 100 mg of mebendazole, which was repeated 7-10 days later.
The first of the patients with carcinoid tumors was a 10-year-old girl. The patient had tenderness in the right lower quadrant but did not have any complaints of nausea and vomiting. Her WBC count was 4.15×10 3 /μL (4.5-11), and her CRP count was 0.10 mg/dL (0.0-0.8). The other girl was 11.5 years old and had symptoms of acute appendicitis. Her WBC count was 18.20×10 3 /μL (4.5-11), and her CRP count was 4.6 mg/dL (0.0-0.8). Carcinoid tumors had an average diameter of 8 mm (range 6-10 mm), and they appeared on the distal end of the appendix. In both patients, the tumors were not in surgical boundaries. The first one infiltrated the surrounding fat tissue and lymphatic vessel. Both carcinoid tumors were diagnosed clinically with acute appendicitis, and neither of them had symptoms of carcinoid syndrome nor was preoperatively diagnosed with an appendicular tumor. After the pathological confirmation of the diagnosis, the A 6-year-old boy was diagnosed with non-Hodgkin's lymphoma after a histopathological assessment. On admission, the boy had abdominal pain, vomiting, and swelling on the face and lips. His CRP count was 0.18 mg/dL (0.0-0.8), and his WBC count was 8.11×10
3 /μL (4.5-11). Appendectomy was performed following the detection of appendicitis in the abdominal US. Grossly, the appendix was diffusely enlarged and thickened by a fleshy intramural tumor.
Nonspecific changes including fibrous obliteration were observed in 11 of the 1,306 (0.84 %) appendices (Figs. 9 and 10).
Discussion
The most common emergency operation is appendectomy. Appendectomy is annually performed on 70,000 child patients in the USA. This figure accounts for 10 % of all abdominal operations. Although the most well-known reasons for appendicitis are lymphoid hyperplasia and fecaliths, unexpected and surprising causes can influence the condition [13, 14] .
The most common unusual cause in our research was E. vermicularis. In endemic areas, it is shown that it can cause inflammation of the appendix in 13 to 37 % of the population [15] . In other studies, it is reported that this factor can present a normal histology or chronic appendicitis findings [16, 17] . It is detected in 0.2 to 4.18 % of appendectomy specimens. In our case, series rates were found to be similar to that in the literature (1.22 %). No clinical features or diagnostic laboratory tests distinguish helminthic from bacterial appendicitis preoperatively. These patients should be started on antihelminthic treatment, and the treatment should be repeated 7-10 days later.
Granulomatous appendicitis (GA) is a rare condition especially in pediatric patients. A patient who is thought to have GA can only be diagnosed following a pathological examination of the specimen. Its incidence ranges between 0.31 and 0.95 %. Since our series only consisted of pediatric age group, our rate was 0.23 %. Various infections and systemic diseases such as Crohn's disease or sarcoidosis can cause the condition. In the past, it was thought that Crohn's disease could always cause GA, while this applies to only 5-10 % of the cases. The differential diagnosis of Crohn's disease at the early stages of the disease is difficult, since the disease localizes only on the appendix. Therefore, additional gastroenterological tests and a careful clinical follow-up are necessary following the pathological assessment [18] [19] [20] . Crohn's disease is a chronic disorder that presents itself with transmural inflammation in which there is epithelioid granulation in the intestinal wall. Among its symptoms are right lower quadrant pain and fever, which are the most likely demonstrations of acute appendicitis. Crohn's disease, which localizes in the appendix, requires the exclusion of many diseases. Actinomyces, Yersinia, Schistosoma, Mycobacterium tuberculosis, Histoplasma capsulatum, and Campylobacter are just a few of the causative agents of GA. Crohn's disease which is limited to the appendix has good prognosis with low rate of fistula formation [6, 13] . In our cases, appendectomy would suffice in the treatment.
Eosinophils are normal constituents of the lamina propria and submucosa of the appendix, but the existence of eosinophils only in the muscular layer has been previously described as eosinophilic appendicitis. This condition was also named as subacute appendicitis [21] . Jona and Aravindan stated that mural eosinophilic infiltration was the only finding in their appendicitis series and this development was attributed to type 1 hypersensitivity reaction [22, 23] . This is again in contrast with the previous belief, supporting that the eosinophilic infiltration does not lead to subacute or chronic appendicitis [21, 24] . In our series, eosinophilic appendicitis was 0.23 %. Appendiceal carcinoid tumors (ACT) are very difficult to identify preoperatively. The diagnosis is generally made after pathological examination. They are the most common of the malignant lesions of the appendix, since they account for almost 60 % of all appendiceal tumors [10] . In various series, it is reported to be detected in 0.3 to 2.27 % of appendectomy specimens [10, 11] . In our series, owing to the pediatric age group, the numbers are smaller (0.15 %). It should be kept in mind that this tumor can behave aggressively according to its type, size, and whether or not it involves the mesoappendix. Of cases which are smaller than 1 cm, 70 to 95 % have a metastasis risk of nearly zero, and therefore, simple appendectomy would be sufficient [10, 11] . But an ACT larger than 2 cm should be managed with a formal right hemicolectomy because of the metastasis risk of up to 85 %. In our cases, ACT had a diameter of ≤1 cm, so we only performed the appendectomy.
Extranodal lymphoma most commonly presents in the gastrointestinal system and localizes in the stomach. That which localizes in the appendix is almost always nonHodgkin's B cell lymphoma. They are categorized among malignant appendix tumors. This extremely uncommon type of neoplasm was first defined by Warren in 1899 [25] . The diagnosis is usually done following a postoperative histopathological examination. Male-female ratio is 1.5:1 and the average onset time is 18 years of age [26] . Our case was just a 6.5-year-old boy. This disease is observed in only 0.015 % of appendectomy specimens [12] . In our series, the percentage was 0.08 %. Clinical features resemble acute appendicitis. The primary symptom is pain in the right lower quadrant continuing for a few months. However, though rare, a mass in this area may be an admission complaint. In imaging studies, the appendix shows significant enlargement, whereas it preserves the vermiform look [27] . On ultrasound, the diffuse thickening is hypoechoic and often resembles the cystic dilation of the lumen seen in mucoceles. In our patient, the appendix had an extreme amount of edema and its chubby appearance was noteworthy. He had been referred to pediatric oncology 1 week ago.
Akbulut et al. found unusual pathological findings in adult appendectomy series as 1 % [28] . This percentage (1.91 %) was significantly higher in our series, which consisted of only pediatric patients. Some studies point out that fibrosis development after parasitosis may cause appendicitis [29, 30] . Parasitosis is also a common phenomenon in our country, and we believe that this condition may be responsible for fibrous obliteration. Nonspecific changes including fibrous obliteration were observed in 11 of the 1,306 (0.84 %) appendices. These were not declared to be the part of unusual manifestations according to the data in the PubMed.
Conclusion
The most common factor in our series was E. vermicularis. GA, eosinophilic appendicitis, and appendiceal tumors had the same frequency in children. The appropriate antiparasitic treatment after the appendectomy must be utilized to prevent reinfection and chronic inflammation. One should be careful about GA, since it can set ground for Crohn's disease and carcinoma. Further tests, more careful clinical attention, years of long follow-up, and a multidisciplinary approach are essential for patients with unusual pathological findings.
Unusual pathological findings are more commonly observed in children than in adults. We emphasize and strongly recommend that all appendectomy specimens be examined histologically, even if macroscopically normal.
